The purpose of this investigation was : (a) to study the developmental relationships of the temporal muscle and the coronoid process during the critical initial stages of morphogenesis and (b) to correlate the developmental stages of the muscle and the bone with data describing the functioning of the muscles of mastication in utero.
tion age, were sectioned and examined under light microscopy. The findings are described in terms of six successive stages, each characterized by a major developmental change occurring during that stage.
The data indicate that the temporal and masseter muscle anlagen begin to develop prior to the skeleton to which they ultimately become attached. The coronoid process differentiates subsequently as a discrete entity within the mass of the temporal muscle anlage at an estimated fertilization age of 7 to 7.5 weeks (23-24 mm CRL). At approximately eight weeks of age, the coronoid process unites with the main portion of the mandibular ramus. The findings here presented do not support the conclusion that the coronoid process is selfdifferentiating as Washburn ('47) contended. Instead, the development of this feature of the human mandible represents a response that follows the differentiation of the temporal muscle. This conclusion is consistent with the observations drawn from a number of investigations concerning structural and functional development of the face.
One of the major areas of concern in the study of craniofacial growth is the relationship between form and function. Does functional activity affect the size, shape and orientation of skeletal units, and if so, to what extent and what is the modus operandi? These are some of the fundamental questions underlying the developmental phenomena leading to harmony or disharmony in the various components of the human face.
Efforts to explore and investigate the mechanisms of action have led to the advancement of various theories. Primary among these are: (a) the importance of the cartilaginous nasal septum as a primary growth center (Scott, '54) , (b) the intrinsic growth capacity of the bony sutures (Weinmann and Sicher, '55) or of the osseous unit (Latham and Burston, '64) , and (c) the primary role of functional matrices in facial growth (van der Klaauw, '48-'52; Moss, '62; Moss et al., '69) .
In nature, a functioning bone-muscle com-muscle activity has also been evaluated by feeding animals diets of different physical consistency and observing the effects on the size and form of the associated skeletal elements (Watt, '51; Moore, '65; Whitley et al., '66) . Again, the findings were consistent with the concept that reduced muscular function influences the underlying skeletal units. The effects of paralysis or hypoplasia of the muscles of mastication on the skull were described by Rogers ('55, '58). Hall ('75) also studied the effects of long-term muscle paralysis on bone growth in embryonic chicks. Nanda et al. ('67) studied the effect of masseter repositioning on the skeletal form and structure of the dog. Eschler ('61) extensively studied the effect of position and direction of muscle pull on the position and shape of the mandible in humans.
Moss and Simon ('681, in a functional analysis of the angular process of the human mandible, concluded that the alteration in the geometry of the bone-muscle relationship influences bone morphology. Focusing specifically on the coronoid process of the mandible and the temporal muscle, Washburn ('47), through extirpation experiments, came to recognize three classes of morphological features in the craniofacial skeleton: (1) those which never appear unless the muscles are present, e.g., temporal line, nuchal crest, mastoid crest, (2) those which are self-differentiating but require the presence of muscle to persist, e.g., coronoid process and (3) those which are largely independent of the muscles which happen to be associated with them, e.g., brain case.
Washburn made his experiment on l-dayold rats and his observations are directly relevant to the postnatal relationship between the functioning temporal muscle and the coronoid process. The recent well documented evidence of functional activity of the muscles of mastication in utero (Hooker, '58; Humphrey, '68, '71) throws a new light on the prenatal sequence of events as far as initiation and differentiation are concerned. The question which comes into focus is whether, in fact, the coronoid process of the mandible "has an early intrinsic initiation and differentiation" as Washburn contended. Alternatively, one must consider the possibility that the initiation and differentiation are evoked by functional muscular activity already present in utero. The removal of the temporal muscle after birth cannot provide a basis for evaluating the relative importance of self-differentiation and function in the prenatal period.
Washburn's contention that the size and form of the coronoid process depend upon muscle activity after birth has been corroborated by various experimental studies on animals (Horowitz and Shapiro, '51; Avis, '59; Schumacher, '68; Schumacher and Dokladal, '68; Moss and Meehan, '70; Moore, '67, '73). The conflicting opinion expressed by Boyd et al. ('67) , to the effect that Washburn's observations resulted from an interference with the blood supply to the bone, was refuted by Warner ('69). The problem, however, of the initiation and differentiation of the coronoid process has not yet been resolved.
In order to explore this problem, this investigation was designed: (a) to study the relative timing of morphogenesis of the temporal muscle and the coronoid process in human embryos and fetuses a t the critical initial stages of development, and (b) to correlate the developmental stages of the muscle and the bone with the available data concerning the functioning of the muscles of mastication in utero.
As the areas of the temporal muscle and the coronoid process were studied, other associated structures were closely involved, such as the masseter muscle and the zygomatic arch; their various stages of development were assessed as well.
MATERIALS AND METHODS
Heads of 41 embryos and fetuses, free from gross developmental anomalies, were selected from the Embryological Research Collection, Department of Anatomy, The University of Michigan. The specimens were selected to demonstrate sequentially the developmental stages from the first morphogenetic indication of muscle differentiation through the stage of well advanced development of both the muscle and the coronoid process. The specimens ranged in size from 17.8-64 mm crown-rump length (CRL) and in age from the early sixth to the eleventh week (estimated fertilization age). The age of the specimens was established on the basis of CRL and external characteristics as described by Moore ('73). The CRL, the estimated age and the plane of sectioning for each specimen are listed in table 1.
Each specimen was routinely fixed in 10% two fetuses from each size group were selected randomly for study. This procedure was used to avoid the introduction of errors resulting from the use of specimens exhibiting extreme variations during the critical stages of de-velopment. Minor differences in the developmental stage observed in the three specimens of equal size were evaluated, in determining the modal description of the developmental status. In order to reaffirm the typicality of the description, each group of equal size was further compared with the orderly smaller and larger specimens. Ultimately, this procedure resulted in the determination of the developmental trajectory for the sample. The nomenclature suggested by Boyd ('60) was used to describe the histogenetic stages of muscle differentiation; thus the terms premyoblast, myoblast, myotube, and muscle fiber, imply an order of increasing maturity. The terms are defined as follows:
Premyoblasts are the primordial muscle cells which appear in the undifferentiated mesenchyme; they are round or oval cells condensed a t the site where the muscle anlage forms but cannot be differentiated from fibroblasts with light microscopy.
Myoblasts can be classified into early, middle and late stages (Gasser, '67) The growing trabeculae in the area of developing bone come into contact and constitute a continuous system which is known as the primary cancellous bone.
RESULTS
The sequence of developmental events observed in this investigation is here described in terms of six successive stages. Each stage is designated by the major developmental change occurring during that period. Embryos of this size and age revealed an indication of condensation of premyoblasts a t the future location of the temporal as well as the masseter muscles ( figs. 2A,B) .
In sagittal sections, the cells that would eventually give rise to the temporal muscle were oriented in a fan-shaped area equidistant between the eye and the external ear. An oblong extension of cell condensation constituting the precursor of the masseter muscle was observed a t almost a right angle to the fan-shaped area.
In frontal sections, it was observed that the condensation of the anlage of the temporal muscle constituted a thin lamina, while that of the masseter muscle was relatively thick. The masseter anlage was in close proximity to the mesenchymal mass forming the bony anlage of the mandible. The orientation of the premyoblasts was distinctly different from that of the mesenchymal cells; while the mesenchymal cells were oriented vertically, the masseter premyoblasts were directed laterally following the general axis of the future muscle.
In the area corresponding to the future angle of the mandible, the mesenchymal bony anlage was in an advanced stage of the early preparatory phase. This was indicated by the presence of an axial fibrous strand in the middle of the abundantly congregated mesenchyma1 cells (Patten's First Phase) . At this stage of development, the forming buccal wall of the future mandible exhibited only a slight suggestion of lateral convexity.
A nerve fiber was invariably found in close proximity to the lateral border of the bony anlage and inside the mass of premyoblastic condensation of the future masseter muscle. 
739).
During this stage, the temporal lamina was growing downwards but was still a t a considerable distance lateral to the superior border of the bony anlage of the mandible. A well defined masseteric aggregate of premyoblasts separated the developing bony anlage and the most ventral extension of the temporal lamina.
The mesenchymal bony anlage a t the area corresponding to the future angle of the mandible had begun to demonstrate a definite buccal curvature. In this area the phase of ossein framework production has been initiated and a well defined central core could be observed. Surrounding the core, a relatively thick layer of cellular condensation could be observed which would ultimately form the periosteum.
A t this stage of development, no indication of initiation of the coronoid process was revealed in the examination of sequential sections.
At the location of the future zygomatic arch, inferior to the temporal lamina, a condensation of mesenchymal cells had formed.
Stage ZZZ: Central condensation in the temporal muscle CRL: 23-24 mm; est. fert. age: 7-7.5 weeks. (E.H. 419, 594, 242, 880, 704, 426) . During this stage, a triangular mass appeared in the center of the temporal muscle anlage. This mass was lined by a zone of condensed and thickly packed, round and ovoid cells and was clearly apparent in sagittal sections ( figs. 3A,B) . In frontal sections (figs. 4A,B) this feature appeared as a central oblong mass inside the temporal muscle anlage. In contrast to the previous stage, where only premyoblasts were present, the temporal muscle primordium was now of considerable thickness and consisted also of myoblasts.
Although the configuration and continuity of the temporal and masseter muscle anlagen were very similar to those observed in stages I and 11, the direction of the myoblasts was now more distinctly oriented towards the sites of the future muscle attachments.
Analysis of sequential sections revealed further shaping of the bony anlage in the area of the future angle of the mandible and a mild elongation upwards, suggestive of initiation of ramal formation.
In the condensation of cells a t the location of the future zygomatic arch, a more advanced preparatory phase was observed.
Stage ZV: Communication of temporal muscle anlage with precursor of mandibular ramus CRL: 25-28 mm; est. fert. age: 7.5-8 weeks. (E.H. 352, 1018, 908, 938, 658, 455A, 1159,  892, 1069, 840, 1420, 1373) . Muscle differentiation was accelerated during this stage and myotubes were observed in both the temporal and masseter anlagen.
A communication was apparent between the temporal muscle anlage and that of the mandibular ramus. A close spacial relationship was developing between the temporal mass and the future periosteum of the mandi-ble. Some myoblasts and myotubes were observed to be gaining access into the primordium of the periosteum.
The triangular structure, observed inside the temporal mass in the preceding stage, became progressively more distinct and pointed ( figs. 5A,B) . The fact that this tissue stained blue with the Masson technique suggested an early preparatory phase of bone formation. Around this coronoid anlage, the direction of the myoblasts (now in a late stage of development) and of the myotubes of the temporal muscle was very distinct.
In sagittal sections, the anlagen of the temporal and masseter muscles appeared as a continuous element. Also, the precursor of the coronoid process exhibited a continuity with the cellular condensation surrounding the ossein framework of the main portion of the future ramus.
With progression in size and age, an increase in the number of temporal myotubes became evident and an enlarged area of attachment to the differentiating periosteum of the mandible was observed.
The zygomatic arch was in a stage of ossein formation and an attachment of masseter late-stage myoblasts and myotubes was apparent. The configuration of the superior border of the ramus (not yet in direct continuity with the coronoid process), although more sharply defined than in the preceding stage, still presented a blunted or rounded appearance. Continuity of the central condensation (i.e., coronoid process) within the temporal muscle with the rest of the mandibular anlage was well established in this stage. The development of the muscles was well advanced in both size and maturity. This was indicated by the presence of a greater number of myotubes. Due to their varied orientation the myotubes were cut through different planes, ranging from cross sections through longitudinal sections.
The precursor of the coronoid process was still in the late preparatory phase of bone formation, judged histogenetically. Morphogenetically, however, it had achieved a distinctive shape and was elongated, projecting upwards into the mass of the temporal muscle ( figs. 6A,B) .
Ossein formation was well advanced in the zygomatic arch and in the main portion of the mandibular ramus; in both structures mineralization had been initiated.
Stage VZ: Progressive maturation and growth of muscular and bony elements CRL: 36-64 mm; est. fert. age: 8.5-11 weeks.
(E .H. 1310, 1178, 806, 786, 1262) .
From this stage onwards, the changes observed were associated with maturation and increase in size of the differentiated muscular and skeletal elements. By 42 mm, CRL, a very distinct insertion of the myotubes of the temporal muscle into the periosteum of the coronoid process could be observed. The interface between the muscle and the periosteum extended over an elongated area, but the actual nature of the attachment of the muscle to the bone was ill-defined. No Sharpey's fibers extending from the muscle and investing the bone were yet discernible.
As the size and age of the fetuses increased, muscle fibers appeared in progressively greater numbers. The ossification process was progressing concurrently in both the coronoid and the zygomatic arch and, by the eleventh intrauterine week, the stage of trabecular formation had been achieved ( figs. 7A,B) .
With the upward elongation of the coronoid process, a coordinated migration of the insertion of the temporal muscle took place. A sharp boundary distinguishing the periosteum from the contiguous muscle fibers had not yet been established a t this stage.
The primary developmental features described in the six stages here reported are summarized schematically in table 2 and figure 1.
DISCUSSION
The findings of the present investigation indicate that the temporal and masseter muscle anlagen begin to develop in the human embryo before the skeleton to which they ultimately become attached. These findings agree with the observations of Rayne and Crawford ('71), based upon their study of the development of the muscles of mastication in the rat. The coronoid process of the human mandible differentiates as a discrete entity within the mass of the temporal muscle :: anlage a t a very early age (estimated fertilization age 7-7.5 weeks and 23-24 mm CRL) .
The relative timing of initiation of the temporal muscle and the coronoid process, as well as their interaction during differentiation have relevance for the fundamental issue concerning the autonomy of development of the coronoid process. While premyoblastic condensation a t the future location of the temporal muscle is already evident a t the beginning of the sixth intrauterine week, the first evidence of a precursor of the coronoid process is only apparent about a week later, a t a CRL of 23-24 mm. At this stage, inside the temporal muscle anlage, an indication of mesenchymal differentiation first appears, suggesting the origin of the future coronoid process.
Differentiation proceeds in both the muscle and the bony anlagen with advancing size and age of the embryo; nevertheless, the muscle is consistently more advanced in its maturation until the age of about 9.5 weeks. At this stage, a t an approximate CRL of 47-52 mm, both the muscle and the bone have achieved coordinate levels of differentiation. Subsequent changes are associated with a n increase in size of the muscle mass and the coronoid process.
The time-space relationships here observed, a t the gross histological level of investigation, suggest the existence of an "inductive" mechanism acting upon the undifferentiated mesenchyme incorporated within the very mass of the temporal muscle anlage.
The correlation of the morphogenetic events with the concurrent physiologic events observed during the various stages is pertinent to the study of the factors involved in the initiation and differentiation of the temporal muscle and the coronoid process. Humphrey ('71), continuing Hooker's work ('54, '58) on muscular activity through stimulation of living embryos, has provided evidence that reflexes involving the oral region start a t about 8 to 8.5 weeks (menstrual age) and a CRL of 25.0-26.0 mm. (Although Humphrey used menstrual age for the classification of her specimens, the fact that she used CRL measurements permits comparisons to be made satisfactorily). Humphrey stated that a t the menstrual age of 8.5 to 9.5 weeks (CRL 27.51-35.0 mm), stimulation of the fetus caused a more complete mouth opening, as compared to the previous stage. Mouth closure a t this stage, as judged by the much longer time interval required when compared with mouth opening, was evidently a passive return to position (Humphrey, '68, '70) . This period corresponds to stages IV and V described in the findings presented here. Morphologically, these stages are characterized by the communication of the temporal muscle anlage with the precursor of the mandibular ramus and the establishment of the continuity of the coronoid process with the main portion of the ramus.
One week later (menstrual age 10.5-11.5 weeks, CRL 44.0-56.0 mm), reflex jaw closure has been recorded, which implies primarily masseter and temporal muscle action. This period corresponds to the later part of Stage VI described in the present study. At this time, a very distinct attachment of temporal myotubes to the periosteum of the coronoid process can be observed.
Comparison of the rate of maturation of the temporal and masseter muscles with that of the superficial muscles of the face (innervated by nerve VII), as described by Gasser ('67), suggests that the muscles innervated by nerve V are more advanced in their development. Gasser found the superficial muscles of facial expression to be composed mostly of myoblasts at 41 mm CRL. At this same stage of development, myotubes are already present in both the temporal and masseter muscles. This can be attributed to the fact that reflex muscle activity in utero involves these muscles prior to the muscles of facial expression.
Baume ('551, based upon an investigation of muscle insertion and bone growth in the mandibles of Rhesus monkeys, concluded that muscle has an osteogenic effect. He assumed that the bone resorption resulting from muscle extirpation is due to the absence of a boneforming organ rather than the lack of function. This concept is consistent with the assumption of an osteogenic influence of the temporal muscle on the underlying mesenchyme. Baume's concept, however, does not account for the bone resorption observed to occur after induced paralysis of an intact muscle (Warner, '69) .
The concept of the "biokinetic relationship of differentiations," proposed by BlechSchmidt ('741, attributes special emphasis to the metabolic field. According to this author, differentiations are but momentary aspects of metabolic movements, i.e., submicroscopic movements of particles. He believes that, under normal circumstances, extreme condensations of the mesenchyme are found only when young inner cells have both the opportunity and the immediate inducement to become spherical. This concept is consistent with the assumption that the differentiation of the mesenchyme to form the precursor of the coronoid process is a response to the temporal muscle.
The weight of the evidence in the present investigation and the corroborative data from related studies, here cited, strongly suggest that the coronoid process is not self-differentiating as Washburn contended. Instead, it represents a developmental response which follows the differentiation of the temporal muscle within which the coronoid process appears.
CONCLUSIONS
The evidence provided by the present investigation leads to the following conclusions:
(1) The temporal and masseter muscle anlagen differentiate in the human embryo before the skeleton to which they ultimately become attached.
(2) The coronoid process of the mandible differentiates as a discrete entity within the mass of the temporal muscle anlage and subsequently becomes continuous with the main portion of the mandibular ramus.
(3) The coronoid process is not selfdifferentiating; instead, it represents a developmental response that follows the differentiation of the temporal muscle.
(4) The developmental stages here reported may be correlated with functional events occurring in utero.
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PLATE 2 EXPLANATION OF FIGURES
5A Sagittal section through the temporal and masseter muscle anlagen in a human embryo of 26 mm, CRL, and estimated fertilization age of 7.5 weeks. X 5.3.
Higher magnification of the same section showing the distinct anlage of the coronoid process in the center surrounded by the temporal myoblasts and myotubes. x 21.2.
6A Frontal section through the temporal muscle and the mandibular ramus near the posterior margin of the soft palate in a human embryo of 29 mm, CRL, and estimated fertilization age of eight weeks. X 5.3.
Higher magnification of the same section. The coronoid process is clearly discernible inside the myotubes of the temporal muscle. X 21.2.
7A Frontal section through the mandibular ramus at the highest point of the coronoid process in a human embryo of 64 mm, estimated fertilization age of 11 weeks. Mineralization is well advanced in both the coronoid process and the zygomatic arch, where bony trabeculae can be observed. X 5.3.
B Higher magnification of the same section showing the elongated muscle-bone interface between the temporal muscle and the coronoid process. X 21.2.
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